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(54) [Title of the Invention] CLEANING METHOD, CLEANING 
APPARATUS, AND METHOD FOR PRODUCING INKJET HEAD 

(57) [Abstract] 

[Object] A cleaning method and cleaning apparatus capable 
of sufficiently removing unwanted materials from grooves 
having a large aspect ratio is proposed, and a method for 
producing a highly reliable inkjet heat by employing the 
cleaning method is proposed. 

[Solving Means] By immersing an object W to be cleaned, 
such as an inkjet head, having grooves with a large aspect 
ratio, in a cleaning fluid 52 in a depressurized environment, 
the pressure difference between the inside and outside of 
the cleaning fluid causes bubbles remaining in the grooves 
of the object to be cleaned to be ejected and causes the 
cleaning fluid to spreads through every part of the groove. 
At this state, unwanted materials in the grooves are removed 
by first applying ultrasonic vibration. Then, by heating 



the object to be cleaned and disposing the object to be 
cleaned in a depressurized environment, bumping of the 
cleaning fluid occurs in the cleaning fluid remaining in the 
object to be cleaned. The force of the bumping removes 
unwanted materials from the grooves where ultrasonic 
vibration does not easily reach. Subsequently, a nozzle 
plate is bonded to the object to be cleaned in a manner such 
that nozzle holes correspond to the grooves. 
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[Claims] 

[Claim 1] A cleaning method comprising: 

a first step of immersing an object to be cleaned in a 
cleaning fluid and applying ultrasonic vibration to the 
cleaning fluid; 

a second step of removing the cleaning fluid from the 
object to be cleaned and its vicinity and heating the object 
to be cleaned, the second step being carried out after the 
first step; and 

a third step of disposing the object to be cleaned in a 
depressurized environment and causing bumping to occur in 
the cleaning fluid remaining in the object to be cleaned, 
the third step being carried out after the second step. 
[Claim 2] The cleaning method according to Claim 1, further 
comprising : 

a step of disposing the object to be cleaned in a 
depressurized environment while the object to be cleaned is 
immersed in the cleaning fluid, the step being carried out 
before the first step. 

[Claim 3] A cleaning method comprising: 

a first step of immersing an object to be cleaned in a 
cleaning fluid and disposing the object to be cleaned in a 
depressurized environment; 

a second step of removing the cleaning fluid from the 
object to be cleaned and its vicinity and heating the object 
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to be cleaned, the second step being carried out after the 
first step; and 

a third step of disposing the object to be cleaned in a 
depressurized environment and causing bumping to occur in 
the cleaning fluid remaining in the object to be cleaned, 
the third step being carried out after the second step. 
[Claim 4] The cleaning method according to Claim 3, further 
comprising : 

a step of applying ultrasonic vibration to the cleaning 
fluid, the step being carried out after the first step and 
before the second step. 

[Claim 5] The cleaning method according to one of Claims 1 
to 4, wherein the first to third steps are repeated. 
[Claim 6] The cleaning method according to one of Claims 1 
to 5, wherein the object to be cleaned has minute grooves 
inside the object to be cleaned. 

[Claim 7] The cleaning method according to Claim 6, wherein 
the object to be cleaned is an ink jet head configured to 
carry out recording by discharging ink droplets from a 
plurality of grooves containing ink. 

[Claim 8] The cleaning method according to one of Claims 1 
to 7, wherein the cleaning fluid is water. 

[Claim 9] A cleaning apparatus comprising: 

a cleaning bath configured to contain a cleaning fluid 
for immersing an object to be cleaned; 
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an ultrasonic vibration generator configured to 
generate ultrasonic vibration to be applied to the cleaning 
fluid in the cleaning bath; 

removal means for removing the cleaning fluid from the 
object to be cleaned and its vicinity after the object to be 
cleaned is cleaned by ultrasonic vibration; 

heating means for heating the object to be cleaned in 
the cleaning bath after the cleaning fluid is removed; and 

depressurization means for depressurizing the inside of 
the cleaning bath after the object to be cleaned is heated 
so that bumping occurs in the cleaning fluid remaining in 
the object to be cleaned. 

[Claim 10] The cleaning apparatus according to Claim 9, 
wherein the depressurization means depressurizes the 
cleaning bath before ultrasonic vibration is applied to the 
cleaning fluid. 

[Claim 11] A cleaning apparatus comprising: 

a cleaning bath configured to contain a cleaning fluid 
for immersing an object to be cleaned; 

removal means for removing the cleaning fluid from the 
object to be cleaned and its vicinity; 

heating means for heating the object to be cleaned in 
the cleaning bath after the cleaning fluid is removed; and 

depressurization means for depressurizing the inside of 
the cleaning bath, 
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wherein the depressurization means depressurizes the 
inside of the cleaning bath while the object to be cleaned 
is immersed in the cleaning fluid and depressurizes the 
inside of the cleaning bath so that bumping to occur in the 
cleaning fluid remaining in the object to be cleaned after 
heating the object to be cleaned. 

[Claim 12] The cleaning apparatus according to Claim 11, 
further comprising an ultrasonic vibration generator 
configured to generate ultrasonic vibration to be applied to 
the cleaning fluid while the object to be cleaned is 
immersed in the cleaning fluid. 

[Claim 13] The cleaning apparatus according to one of 
Claims 9 to 12, further comprising: 

means for immersing the object to be cleaned in the 
cleaning fluid, 

wherein cleaning is repeated by immersing the object to 
be cleaned in the cleaning fluid after causing bumping to 
occur in the cleaning fluid by depressurizing the inside of 
the cleaning bath. 

[Claim 14] A method for producing an ink jet head including 
an actuator substrate having a plurality of grooves parallel 
to each other and a nozzle plate having nozzles hole 
corresponding to at least some of the grooves, the nozzle 
plate being bonded to the actuator substrate, the method 
comprising : 
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a first step of immersing the actuator substrate in a 
cleaning fluid and applying ultrasonic vibration to the 
cleaning fluid; 

a second step of removing the cleaning fluid from the 
actuator substrate and its vicinity and heating the actuator 
substrate, the second step being carried out after the first 
step; 

a third step of disposing the actuator substrate in a 
depressurized environment and causing bumping to occur in 
the cleaning fluid remaining in the actuator substrate, the 
third step being carried out after the second step; and 

a fourth step of bonding the nozzle plate onto the 
actuator substrate, the fourth step being carried out after 
the third step. 

[Claim 15] A method for producing an ink jet head including 
an actuator substrate having a plurality of grooves parallel 
to each other and a nozzle plate having nozzles hole 
corresponding to at least some of the grooves, the nozzle 
plate being bonded to the actuator substrate, the method 
comprising : 

a first step of immersing the actuator substrate in a 
cleaning fluid and disposing the actuator substrate in a 
depressurized environment; 

a second step of removing the cleaning fluid from the 
actuator substrate and its vicinity and heating the actuator 
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substrate, the second step being carried out after the first 
step; 

a third step of disposing the actuator substrate in a 
depressurized environment and causing bumping to occur in 
the cleaning fluid remaining in the actuator substrate, the 
third step being carried out after the second step; and 

a fourth step of bonding the nozzle plate onto the 
actuator substrate, the fourth step being carried out after 
the third step. 

[Claim 16] The method for producing an ink jet head 
according to Claim 14 or 15 further comprising: 

a fifth step of bonding a cover plate on the upper 
surface of the actuator substrate to cover an open surface 
along the longitudinal direction of the grooves; and 

a sixth step of grinding end surfaces of the actuator 
substrate and the cover plate at one end of the grooves, 

wherein the fifth and sixth steps are carried out 
before the fist step. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a cleaning method, a cleaning apparatus, and a 
method for producing an ink jet head. 
[0002] 

[Description of the Related Art] As a basic structure of an 
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ink jet head, mechanical pressure is applied to ink by a 
piezoelectric element or the like or thermally generated 
pressure is applied to ink so as to discharge the ink from 
nozzle holes. An embodiment of such an inkjet head will be 
described with reference to Figs. 1, 2, and 3. 

[00 03] As shown in Fig. 1, an inkjet head includes an 
actuator substrate 10 having a plurality of ink grooves 21 
and dummy grooves 22 provided on both sides of the ink 
grooves 21, a cover plate 3 0 covering the upper surface of 
the grooves, a manifold 31 for distributing ink to the ink 
grooves 21, and a nozzle plate 3 2 having nozzle holes 33 
corresponding to the ink grooves 21. 

[0004] The actuator substrate 10 includes two base 
materials 11 and 12 bonded together and composed of 
piezoelectric ceramic material, such as lead zirconate 
titanate (PZT) or lead titanate (PT) . The base materials 
are polarized in opposite directions in the thickness 
direction. It is possible to compose only one of the base 
materials 11 and 12 with a piezoelectric material. On the 
base materials 11 and 12, a plurality of grooves parallel to 
each other forming the ink grooves 21 and the dummy grooves 
22 are provided by cutting the base materials 11 and 12 in 
the thickness direction with a diamond blade 4 0 or the like. 
As a result, partition walls 24 separating the ink grooves 
21 and the dummy grooves 22 have a structure in which the 
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piezoelectric materials having opposite polarization 
directions are stacked along the height direction of the 
partition walls 24. 

[0 005] As shown in Fig. 1, the ink grooves 21 are 
structured so that the front and rear ends in the 
longitudinal direction (i.e., ink discharge direction) are 
opened to the front and rear ends of the actuator substrate. 
The dummy grooves 22 have vertical portions 23 so that the 
dummy grooves 2 2 are open to the front end surface 10a but 
closed at a rear end surface 10b. As shown in Fig. 3, first 
electrodes 2 6a are provided on the side surfaces of the 
partition walls 24 in the ink grooves 21, and second 
electrodes 2 6a are provided on the side surfaces of the 
partition walls 24 in the dummy grooves 22. The cover plate 
3 0 is bonded and fixed to an upper surface 10c of the 
actuator substrate 10 so as to cover the open surface along 
the longitudinal direction of the ink grooves 21 and the 
dummy grooves 22. 

[0006] The nozzle plate 32 having the nozzle holes 33 
corresponding to the ink grooves 21 is bonded and fixed to 
the front end surface 10a of the actuator substrate 10 and a 
front end surface of the cover plate 30, and the manifold 31 
is bonded and fixed to the rear end surface. 

[0007] Ink guided from an ink source to the manifold 31 is 
supplied to the ink grooves 21, whereas ink is not supplied 
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to the dummy grooves 22 due to the vertical portions 23. 
When the first electrode 2 6a in the ink grooves are 
connected to a common voltage, such as a ground, and a 
voltage is applied to the second electrodes 26b and 26b 
provided on the partition walls 24 and 24, which sandwich 
the ink grooves 21 for discharging ink, an electric field in 
a direction orthogonal to the polarization direction of the 
piezoelectric material is generated between the first and 
second electrodes 26a and 26b, on the side of the dummy 
grooves 22. As a result, as shown in Fig. 3, piezoelectric 
materials of the upper and lower parts of the partition 
walls 24 deform by shearing in opposite directions, causing 
the volume in the ink grooves to increase. Then, when the 
application of the voltage is stopped, the partition walls 
apply pressure to the ink in the ink grooves when they 
return to their original positions and cause ink to be 
discharged from the ink holes 33. 
[0008] 

[Problems to be Solved by the Invention] To form the 
electrodes 26a and 26b on the grooves 21 and 22, first, a 
conductive layer constituting the electrodes is applied to 
the entire surface of the actuator substrate 10 by 
electroless deposition or the like. Then, the upper surface 
10c of the actuator substrate is ground flat to remove the 
conductive layer on the upper surface 10c. Subsequently, 
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the cover plate 3 0 is bonded onto the upper surface 10c, and, 
then, the front end surface 10a and 30a are ground flat and, 
at the same time, the conductive layer on the front end 
surface 10a is removed so that the front end surface 10a of 
the actuator substrate 10 and the front end surface 3 0a of 
the cover plate 3 0 are flush with each other. In this way, 
the electrodes 2 6a and 2 6b in the grooves 21 and 22, 
respectively, become independent of each other. Also, since 
the cover plate 3 0 and the actuator substrate 10 are at the 
flush with each other, the nozzle plate 32 can be easily 
bonded . 

[0009] Grinding dust and dirt enter the grooves 21 and 22 
while the grinding process is carried out and/or when the 
inkjet head is being delivered at a factory. Moreover, when 
grinding the front end surfaces 10a and 3 0a, a working fluid 
for cooling is supplied. If this fluid is left behind, the 
bonding performance is decreased. Therefore, it is 
necessary to wash the inkjet head so as to remove unwanted 
materials such as grinding dust, dirt, and working fluid. 

[0010] In general, an ultrasonic cleaning apparatus is used 
to remove unwanted materials from a product . After the 
conductive layer on the upper surface 10c of the actuator 
substrate 10 is ground, unwanted material can be 
sufficiently removed by regular ultrasonic cleaning since 
the aspect ratio of grooves with respect to the upper 
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surface 10c, i.e., the ratio of the size of the opening to 
the depth, is relatively small. 

[0011] However, after the cover plate 3 0 is bonded to the 
actuator substrate 10, the aspect ratio of the grooves with 
respect to the front end surfaces 10a and 3 0a becomes large 
(for example, the width is several tens of micrometers and 
the depth is about 10 mm) . In particular, in the above - 
described inkjet head, since the front and rear ends of the 
ink grooves 21 are open whereas the rear ends of the dummy 
grooves 22 are closed, the aspect ratio is significantly 
large. Therefore, if cleaning is carried out after both of 
the front end surfaces are ground, cleaning fluid does not 
easily enter the grooves. Even if the cleaning fluid enters 
the grooves, ultrasonic vibration is not sufficiently 
transmitted. As a result, unwanted materials cannot be 
sufficiently removed. The working fluid used for grinding 
includes an oil -based component for rust prevention. If 
this component enters the grooves and remains after the 
cleaning, it comes out of the ends of the grooves when the 
cleaning fluid dries and evaporates and forms a film, 
decreasing the bonding performance. In an inkjet head, this 
film may cause ink to not discharge. Moreover, since, in 
general, an ultrasonic cleaning apparatus uses an organic 
solvent as a cleaning fluid, the cleaning fluid may be 
harmful to the operator and may catch fire. 
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[0012] The present invention addresses the above 
circumstances and proposes a cleaning method and a cleaning 
apparatus capable of sufficiently removing unwanted 
materials and also proposes a method for producing an inkjet 
head having high reliability by employing the cleaning 
method . 

[0013] 

[Means for Solving the Problems] To achieve the above - 
described object, a cleaning method according to Claim 1 of 
the present invention includes a first step of immersing an 
object to be cleaned in a cleaning fluid and applying 
ultrasonic vibration to the cleaning fluid, a second step of 
removing the cleaning fluid from the object to be cleaned 
and its vicinity and heating the object to be cleaned 
wherein the second step is carried out after the first step, 
and a third step of disposing the object to be cleaned in a 
depressurized environment and causing bumping to occur in 
the cleaning fluid remaining in the object to be cleaned 
wherein the third step is carried out after the second step. 

[0014] According to this aspect of the present invention, 
first, unwanted materials are removed from the object to be 
cleaned by ultrasonic vibration. Then, by heating the 
object to be cleaned and disposing the object to be cleaned 
in a depressurized environment, bumping of the cleaning 
fluid occurs in the cleaning fluid remaining in the object 
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to be cleaned. The force of bumping removes unwanted 
materials in areas where ultrasonic vibration does not 
easily reach. 

[0015] In the above-described method, by preferably 
including a step of disposing the object to be cleaned in a 
depressurized environment while the object to be cleaned is 
immersed in the cleaning fluid and carrying out the step 
before the first step, the pressure difference between the 
inside and outside of the cleaning fluid causes bubbles 
remaining in minute areas of the object to be cleaned to be 
ejected and the cleaning fluid to spread through every part 
of the minute areas. In this way, the cleaning effect by 
the ultrasonic vibration and bumping can be improved. 
[0016] A cleaning method according to Claim 3 of the 
present invention includes a first step of immersing an 
object to be cleaned in a cleaning fluid and disposing the 
object to be cleaned in a depressurized environment, a 
second step of removing the cleaning fluid from the object 
to be cleaned and its vicinity and heating the object to be 
cleaned wherein the second step is carried out after the 
first step, and a third step of disposing the object to be 
cleaned in a depressurized environment and causing bumping 
to occur in the cleaning fluid remaining in the object to be 
cleaned wherein the third step is carried out after the 
second step. According to this aspect of the present 
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invention, the pressure difference between the inside and 
outside of the cleaning fluid causes bubbles remaining in 
minute areas of the object to be cleaned to be ejected and 
the cleaning fluid to spread through every part of the 
minute areas. Then, by heating the object to be cleaned and 
disposing the object in a depressurized environment, bumping 
occurs in the cleaning fluid remaining in the object to be 
cleaned. The force of bumping removes unwanted materials in 
areas where ultrasonic vibration does not easily reach. 
[0017] In the above -described method, by preferably 
including a step of applying ultrasonic vibration to the 
cleaning fluid after the first step and before the second 
step, the cleaning fluid reaches the minute areas of the 
object to be cleaned, enabling effective ultrasonic cleaning 
to be achieved. Moreover, the bumping allows unwanted 
materials to be removed from areas where ultrasonic 
vibration does not easily reach. 

[0018] In the above-described method, by preferably 
repeating the first to third steps, more complete cleaning 
is possible. 

[0019] The above-described method is preferable for an 
object to be cleaned that has minute grooves and is capable 
of effectively removing unwanted materials from these minute 
grooves. In particular, the method is preferable as a 
cleaning step in an inkjet head production process for an 
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inkjet head having a plurality of grooves. 

[0020] In the above -described method, by preferably using 
water as a cleaning fluid, effective cleaning can be carried 
out by using bumping effectively. In particular, in this 
way, safety problems do not occur such as in a conventional 
case in which an organic solvent is used. 

[0 021] A cleaning apparatus according to Claim 9 of the 
present invention includes a cleaning bath configured to 
contain a cleaning fluid for immersing an object to be 
cleaned, an ultrasonic vibration generator configured to 
generate ultrasonic vibration to be applied to the cleaning 
fluid in the cleaning bath, removal means for removing the 
cleaning fluid from the object to be cleaned and its 
vicinity after the object to be cleaned is cleaned by 
ultrasonic vibration, heating means for heating the object 
to be cleaned in the cleaning bath after the cleaning fluid 
is removed, and depressurization means for depressurizing 
the inside of the cleaning bath after the object to be 
cleaned is heated so that bumping occurs in the cleaning 
fluid remaining in the object to be cleaned. 

[0022] According to this aspect of the present invention, 
similar to the method according to Claim 1, unwanted 
materials in the object to be cleaned are removed by 
ultrasonic vibration, and the force of bumping removes 
unwanted materials in areas where ultrasonic vibration does 
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not easily reach. 

[0023] In the above -described apparatus, by preferably 
depressurizing the cleaning bath before ultrasonic vibration 
is applied to the cleaning fluid, the pressure difference 
between the inside and outside of the cleaning fluid causes 
bubbles remaining in minute areas of the object to be 
cleaned to be ejected and the cleaning fluid to spread 
through every part of the minute areas. In this way, the 
cleaning effect by ultrasonic vibration and bumping can be 
improved. A cleaning apparatus according to Claim 11 of the 
present invention includes a cleaning bath configured to 
contain a cleaning fluid for immersing an object to be 
cleaned, removal means for removing the cleaning fluid from 
the object to be cleaned and its vicinity, heating means for 
heating the object to be cleaned in the cleaning bath after 
the cleaning fluid is removed, and depressurization means 
for depressurizing the inside of the cleaning bath, wherein 
the depressurization means depressurizes the inside of the 
cleaning bath while the object to be cleaned is immersed in 
the cleaning fluid and depressurizes the inside of the 
cleaning bath so that bumping to occur in the cleaning fluid 
remaining in the object to be cleaned after heating the 
object to be cleaned. According to this aspect of the 
present invention, similar to the method according to Claim 
3, the pressure difference between the inside and outside of 
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the cleaning fluid causes bubbles remaining in minute areas 
of the object to be cleaned to be ejected and the cleaning 
fluid to spread through every part of the minute areas. 
Then, the unwanted materials are effectively removed by the 
force of bumping. 

[0024] In the above-described method, by preferably 
applying ultrasonic vibration to the cleaning fluid while 
the object to be cleaned is immersed in the cleaning fluid, 
the cleaning fluid reaches the minute areas of the object to 
be cleaned, enabling effect ultrasonic cleaning to be 
achieved. Moreover, the bumping allows unwanted materials 
to be removed from areas where the ultrasonic vibration does 
not easily reach. 

[0025] In the above-described methods, by preferably 
including means for immersing the object to be cleaned in 
the cleaning fluid and by repeating cleaning by immersing 
the object to be cleaned in the cleaning fluid after causing 
bumping to occur in the cleaning fluid by depressurizing the 
inside of the cleaning bath, more complete cleaning is 
possible . 

[002 6] A method according to Claim 14 for producing an 
ink jet head, which includes an actuator substrate having a 
plurality of grooves parallel to each other and a nozzle 
plate having nozzles hole corresponding to at least some of 
the grooves wherein the nozzle plate is bonded to the 
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actuator substrate, includes a first step of immersing the 
actuator substrate in a cleaning fluid and applying 
ultrasonic vibration to the cleaning fluid, a second step of 
removing the cleaning fluid from the actuator substrate and 
its vicinity and heating the actuator substrate wherein the 
second step is carried out after the first step, a third 
step of disposing the actuator substrate in a depressurized 
environment and causing bumping to occur in the cleaning 
fluid remaining in the actuator substrate wherein the third 
step is carried out after the second step, and a fourth step 
of bonding the nozzle plate onto the actuator substrate 
wherein the fourth step is carried out after the third step. 
[0027] According to this aspect of the present invention, 
first unwanted materials are removed from the actuator 
substrate or, more specifically, from grooves by ultrasonic 
vibration. Then, by heating the actuator substrate and 
disposing the actuator substrate in a depressurized 
environment, bumping occurs in the cleaning fluid remaining 
in the grooves . The force of bumping removes unwanted 
materials deep in the grooves where ultrasonic vibration 
does not easily reach. Similar to the method according to 
Claim 2, by carrying out depressurization while the actuator 
substrate is immersed in the cleaning fluid, the cleaning 
effect is improved even more. Subsequently, by bonding the 
nozzle plate, faulty discharges due to unwanted materials do 
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not occur many times or, in other words, a highly reliable 
ink jet head is produced. 

[0028] A method according to Claim 15 for producing an 
ink jet head, which includes an actuator substrate having a 
plurality of grooves parallel to each other and a nozzle 
plate having nozzles hole corresponding to at least some of 
the grooves wherein the nozzle plate is bonded to the 
actuator substrate, includes a first step of immersing the 
actuator substrate in a cleaning fluid and disposing the 
actuator substrate in a depressurized environment, a second 
step of removing the cleaning fluid from the actuator 
substrate and its vicinity and heating the actuator 
substrate wherein the second step is carried out after the 
first step, a third step of disposing the actuator substrate 
in a depressurized environment and causing bumping to occur 
in the cleaning fluid remaining in the actuator substrate 
wherein the third step is carried out after the second step, 
and a fourth step of bonding a nozzle plate onto the 
actuator substrate wherein the fourth step is carried out 
after the third step. 

[0029] According to this aspect of the present invention, 
first the pressure difference between the inside and outside 
of the cleaning fluid causes bubbles remaining in minute 
areas of the actuator substrate or, more specifically, 
grooves to be ejected and the cleaning fluid to spread 
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through every part of the grooves. Then, by heating the 
object to be cleaned and disposing the object to be cleaned 
in a depressurized environment, bumping occurs in the 
cleaning fluid remaining in the object to be cleaned. The 
force of bumping removes unwanted materials in the grooves. 
Similar to the method according to Claim 4, by also using 
ultrasonic vibration, the cleaning effect is improved even 
more. Subsequently, by bonding the nozzle plate, faulty 
discharges due to unwanted materials do not occur many times 
or, in other words, a highly reliable inkjet head is 
produced. 

[0030] For an inkjet head produced by a method further 
including a step of bonding a cover plate on the upper 
surface of the actuator substrate to cover an open surface 
along the longitudinal direction of the grooves and a step 
of grinding end surfaces of the actuator substrate and the 
cover plate on one end of the grooves, wherein the steps are 
carried out before the fist step, the grinding dust, dirt, 
and working fluid used for grinding can be easily removed by 
carrying out a cleaning process including the above - 
described steps, although the aspect ratio of the grooves is 
significantly great. 

[0031] 

[Embodiments] Details of an embodiment of the present 
invention will be described below. Similar as a known 
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inkjet head, an inkjet head according to this embodiment 
includes an actuator substrate 10, a cover plate 30, a 
manifold 31, a nozzle plate 32, etc. Detailed descriptions 
of the structure and production method of the inkjet head 
according to this embodiment that are the same as those of a 
known inkjet head are omitted. 

[0032] Fig. 4 illustrates the overall structure of a 
cleaning apparatus. An object W to be cleaned, i.e., the 
actuator substrate 10 with the cover plated 30 attached, is 
contained in a cleaning bath 51 containing cleaning fluid 52 
so that the object W to be cleaned is supported by a 
supporting device (not shown in the drawing) and is immersed 
in the cleaning fluid 52 . At the bottom of the cleaning 
bath 51, an ultrasonic vibration generator 53 configured to 
apply ultrasonic vibration to the cleaning fluid 52 is 
provided. The bottom of the cleaning bath is connected to a 
retention tank 56 via a drainage pipe 55 having an openable 
and closable valve 54. By opening the valve 54, the 
cleaning fluid 52 in the cleaning bath can be drained into 
the retention tank 56. 

[0033] The retention tank 56 is connected to the cleaning 
bath 51 via a pump 60 and a circulation path 59 passing 
through filters 57 and 58. By driving the pump 60, the 
cleaning fluid in the retention tank is circulated through 
the cleaning bath 51 as the cleaning fluid is filtered two 
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times at the filter 57 (for example, a mesh of about 10 jam) 
and the filter 58 (for example, a mesh of about 1 \im) . 

[0034] Above the surface of the cleaning fluid, a hot-air 
generator 61 and a depressurization apparatus 62 are 
connected to the cleaning bath 51 via conduit pipes and a 
cleaning fluid supplying apparatus 63 is connected to a 
liquid-dispersing pipe 64 having a plurality of liquid- 
dispersing outlets. The liquid-dispersing pipe 64 is 
disposed above the object W to be cleaned to shower the 
cleaning fluid supplied from the cleaning fluid supplying 
apparatus 63 onto the object W to be cleaned. 

[0035] It is preferable to use pure water as the cleaning 
fluid 52. 

[0036] The ultrasonic vibration generator 53, the valve 54, 
the pump 60, the hot-air generator 61, the depressurization 
apparatus 62, and the cleaning fluid supplying apparatus 63 
are connected to a control apparatus, not shown in the 
drawing, and carry out a series of steps of a cleaning 
process described below. Figs. 5 to 10 illustrate the 
cleaning process. 

[0037] First, the cleaning bath 51 is filled with a 
predetermined amount of the cleaning fluid 52, and the 
object W to be cleaned is immersed in the cleaning fluid 52. 
At this state, as shown in Fig. 5, unwanted materials B 
remain in ink grooves 21 and dummy grooves 22, and bubbles A 



- 24 - 



remain in areas where the cleaning fluid has not reached. 
At this state, by driving the depressurization apparatus 62 
to depressurize the upper space in the cleaning bath 51 to a 
vacuum, the bubbles A rise due to the pressure difference 
between the upper space and the cleaning fluid. As a result, 
as shown in Fig. 6, the cleaning fluid reaches the grooves 
21 and 22. 

[0038] Then, as shown in Fig. 7, when the ultrasonic 
vibration generator 53 is driven to apply ultrasonic 
vibration to the cleaning fluid 52, the unwanted materials 
in the grooves 21 and 22 are removed. After carrying out 
ultrasonic cleaning, the valve 54 is opened to drain the 
cleaning fluid 52 into the retention tank 56 so as to remove 
the cleaning fluid from the object W to be cleaned and its 
vicinity, as shown in Fig. 8. However, the cleaning fluid 
remains in the grooves 21 and 22. At this state, the hot- 
air generator 61 is driven to heat the object W to be 
cleaned. The temperature of the hot air supplied to the 
cleaning bath 51 is between 10 0°C and 12 0°C. Then, when the 
depressurization apparatus 62 is driven to depressurize the 
cleaning bath 51 to, for example, about 3 0 mTorr, the warm 
cleaning fluid in the grooves 21 and 22 easily boils, 
causing so-called bumping. At this time, as shown in Fig. 9, 
the expansion of bubbles C causes the unwanted materials B 
to be ejected from the grooves 21 and 22. 
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[0039] If the unwanted materials B still remain, as shown 
in Fig. 10, after the above -described cleaning process is 
carried out, the pump 60 is driven to supply the cleaning 
fluid in the retention tank 56 to the cleaning bath 51 so as 
to repeat the above-described process. After cleaning is 
completed, the cleaning fluid supplying apparatus 63 is 
driven to shower the object W to be cleaned with a new 
cleaning fluid from the liquid-dispersing pipe 64. 
[0040] In the description above, the cleaning fluid was 
removed from the object W to be cleaned and the vicinity by 
draining the cleaning fluid from the cleaning bath 51 after 
carrying out ultrasonic cleaning. However, a supporting 
device (not shown in the drawings) supporting the object W 
to be cleaned may be moved above the surface of the cleaning 
fluid. In such a case, the supporting device can be lowered 
into the cleaning fluid together with the object W to be 
cleaned so as to repeat the cleaning process again. 
[0 041] According to the above -described structure, by 
disposing the object W to be cleaned in a depressurized 
environment while immersing the object W to be cleaned in 
the cleaning fluid 52, the pressure difference between the 
inside and outside of the cleaning fluid causes the bubbles 
remaining in the grooves 21 and 2 2 of the object W to be 
cleaned to be ejected and the cleaning fluid to spread 
through every part of the grooves. In this condition, by 
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applying ultrasonic vibration, unwanted materials in the 
grooves can be effectively removed. Furthermore, by heating 
the object to be cleaned and disposing the object in a 
depressurized environment, bumping occurs in the cleaning 
fluid remaining in the object to be cleaned. The force of 
bumping removes unwanted materials in grooves having a large 
aspect ratio in which ultrasonic vibration does not easily 
reach. Moreover, by repeating these steps, as required, 
substantially perfect cleaning can be achieved. In this 
process, by using water as the cleaning fluid, effective 
cleaning is possible by causing bumping, as described above, 
and, moreover, safety problems such as those that occur when 
organic solvents are used do not occur. 

[0042] Accordingly, when the front end surfaces of the 
actuator substrate 10a and the cover plate 3 0 are ground, 
grinding dust, dirt, and working fluid for cooling used when 
grinding that have entered the grooves 21 and 22 are 
substantially completely removed. As a result, the nozzle 
plate 32 can be sufficiently bonded. Furthermore, since the 
grinding dust and dirt does not clog the grooves and the 
working fluid does not form a film, a highly reliable inkjet 
head can be produced. 

[0043] The cleaning according to the above -described 
embodiment is carried out after bonding the cover plate 3 0 
to the actuator substrate 10. However, the cleaning may be 
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carried out only to the actuator substrate before the cover 
plate 3 0 is bonded. Moreover, the cleaning may be employed 
for cleaning objects other than ink jet heads. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is an exploded perspective view of an 
ink jet head according to the present invention. 

[Fig. 2] Fig. 2 is a partial horizontal cross-sectional 
view of an ink jet head. 

[Fig. 3] Fig. 3 is an exploded cross -sectional view where 
the cross- section is taken along a line orthogonal to 
grooves on an ink jet head. 

[Fig. 4] Fig. 4 is a cross-sectional view of a cleaning 
apparatus according to an embodiment of the present 
invention. 

[Fig. 5] Fig. 5 illustrates a cleaning process. 
[Fig. 6] Fig. 6 illustrates a cleaning process. 
[Fig. 7] Fig. 7 illustrates a cleaning process. 
[Fig. 8] Fig. 8 illustrates a cleaning process. 
[Fig. 9] Fig. 9 illustrates a cleaning process. 
[Fig. 10] Fig. 10 illustrates a cleaning process. 
[Reference Numerals] 
10: actuator substrate 

21 and 22: ink grooves and dummy grooves 
30: cover plate 
32: nozzle plate 
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51: cleaning bath 

53 : ultrasonic vibration generator 53 

61: hot-air generator 

62 : depressurization apparatus 
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